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(57) Abstract 

A method for three-dimensionally questing a buried 
structure by moving a questing device along the surface of a 
medium, radiating a wave signal (4) such as an electromagnetic 
wave under the ground (1), receiving the reflected signal (5) 
from a buried structure (2), and generating three-dimensional 
voxel data including the coordinates (x, y, t) which represent the 
position on the surface of the ground and the reflection time for 
the strength of the received signal. The method comprises the 
object voxel selecting step of selecting one or more object 
voxels through artificial input, the binarizing step of extracting a 
group of candidate voxels whose absolute values of the 
amplitudes are larger than a predetermined threshold and which 
are interconnected, and the coupling and combining step of 
extracting a group of coupling candidate voxels to be coupled to 
the object boxes from the group of candidate voxels and 
combining the group of coupling candidate voxels to the object 
voxels to make a group of object voxels. By the method, the 
position of the buried structure (2) can be determined with a 
high S/N. Even if a defective voxel is present in the 
three-dimensional voxel data, a linear interpolation step of 
carrying out linear interpolation in a predetermined direction in 
the x-y plane containing the defective voxel is executed to 
simply interpolate the defective voxel. 
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2lg.{k^m 3 4HJ: "9 Wltti^tL^^MsJ?^ ■t^#©<f , a» ^SIR^S: 
ISM3 5, tH*M^3 8 «HR*.-CV^ 0 
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JEfc, i^*'^t;H«fg 3 3 B\ 3 &5n*'^ir/l^-^£j&^J§: 3 1 «fc 
oX£.f&£titz 3 ^Tc^^-fe/w^— * S (x, y , t) <z>ffilc<o(Sfffi*r-r^^«Jt 



10 iffii§:W:a"C«, yi- 5 1 I'^^fSIBW 5 2 i: SriiE-TSiaW 5 3 

1. 3R^^t^f-?«Ig (ST1) 

lit, su&(Dmm\z.mm£tiz> z ? ± - ? s (x, y , t) 

15 <f±S (x, y, t) &4^f5l6tfc5„ iOIigfi, f 4 is* /PitZfa 

<£>8ESC*ffi-L<£>|£1B (x, y) ^Sltft5JO|if*2^b©S!WiMt (HBSfi 
FJt £ <7) A It ft £ IS M L T * ^ K W If ^ ^ g {f r ^ x i~ ( r ^ 5 * t* B# M ) 
(x, y, t) it5^3^7c^^t;ur-^ s (x, y, t) iLt 

3S^O Sr^KfiSPt LTSlt) 5i*tlSo ropgiSfi, J, [ft (i . 8t'yh 
( 2 5 6) |5gp-C^^$tls FiH 1 2 8 ^Rttffi -^g^JItglfiO 129 

25 jgd^flsftjKfi, v^/wt ^f if A/D^m^a^nf^t ^ 

SltBf ffi t ( x , y, t) ^7Kl/X(|fiLXxyn-K 

£tu W.WaP$m<^f^3^k^^±/Uy £ —^ s (x, y, t) Htf-^fci 
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tcm 3 ? — * s ( x , y , t) \'Mhxmn<D2m{tmm^mL 

5 ^<DX okZ.^X'&btltz.W^TkTitft^^'T — f' s (x, y, t) # 

(x, y, t) b&tiZo J® 3 ^TC^'^ir/v^— ^ s (x, y, t) tr^tT. 
-^-f ^ ^— y 3 >%±m%m Lfc 3 Ikjvtf? t/wf- * S (x, y, t) £H7 

10 fc, f? 7 El T C£ , 3 RtcjK^ -fe/l^x — * S (x, y, t) fiilfit £> 2 fitffc&S 
H#.{-, ^7 HI (A) iiffi^^ificD-v- 5 1 WSltif f 41,5 7t£>(^ 

15 2#:ft^aoisje4|iW^ 1 7 5 ii^fe^is^L/ttco-e, f7i (b) 

LfctoTfcs, a^co 2 ffi-fL^a-ef*. $iitco^&3 n ^ s tH* £ 1$ tti 

20 tu -e # * < ft 3 r. i: 

(x, y, t) frm?— 9 s (x, y, t) tltSil, 3^5c*'^-fe/W^- 

2. fcjflc^ -tr/uiliRI© (ST 2) 
25 3I8I2] (A), (B) i'^-r=fc9i's M^?S3 3aiaotv^^u- 

^ 3 yji?ia4ftLfc3*S*^-fe^f-^S (x, y, t) ^jg^&gltBf m 
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(x D , y d ) &i^t5„ RfttmrfiT nfomnn, M9m^ 
^ixtc^w.^n y ? (DRmm^Mwu) <D7~vi ? ? m^z v ^mxmMLx , 

(a) fcmmm^&®nm-r:-m^L±h<DTfoK), isi (b) nmcmmm 
^^mm^m^h^mu Lti^iBt-fes. n^. usei (a), (b) {±#3ts 

feh i&m&^^nm&m^ (^$i©k^**) i-x^mu^^m^Lx 

10 l/^o 

y u , t D ) <D#?±/i'<Di&&iz3s\,*x. 1% %.Littf*±/i'<n mum. twiner 

X J. o ig |jl il: CD -ferA^^^t L, 4£>f£# ^ -feA- i i" 3 0 m fiusE 
^ ^ ©faffi fig It U#Ph1 T c w X - Y ¥S i*j <Dfi!£ $ ^ 7t ^ ^ ir * f ^ t -f- S 

9 \Z. LXm$L&tl± 1 0{|il<D$^#^-t AOMIlffi (X i , Yi, Ti), 
i = 1 ~ 1 0 RXimmiiM. (MA X 1 ~ 1 0 ) $i^TV^5 0 
*fe s " COmMMXa, x - y ¥E-e»rE^^&fTV^I+l$lfflT D tf> x - y 

20 mzMe>jjfa(o¥-mxmm$i:^&ft<>x t>«^^^ 0 ttmns^ct^^iw 

3 3 b tt, iuffi^M^Tfr-f [-> MIBm^t «t 051^ 

25 

3 . 2i!:ltXfS (S T 3) 

:©istii, 2{$.it^w> 3 4 as, w ^'i^-v a >>&m%m Lit 3 &tc#; 

^irA^'-^S (x, y, t) (c*fLT, SMW&tt 2 s E^fati 

<d m M fifi * 5 Bff 5£ o H fit «fc "3 *: * v > 3fK * -fe a i * IB Z ! r it & L X tt 5 & ft # * -fe / w 
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l¥ £ fife 1~ 3 o Mifttcfi, Qt>fctf?±;i'T.mnmiR£ti1tfafttf?1:A'<Dm 
Wffii* g »Bi J£S ft 5 «, 

(MINl-10) ('^^£*l-5 0 
4 . iglit^j£X?M (S T 4) 

f£ It ^ -fe I 3 *K * -fe IS tr *H ^ T SIR * ti ft # ? -tr 

^ -fe /v <h £ $c L T ^ #: -fe /HI i -f 5 o 
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r <7)iei£-^fi5cX^tr «t 19 #^ftfc#I#:^^ -fe/H¥<7>^!l^, ll 01 (A), 
5 (B) tc^-f 0 [SIBU^ ^V^i Z.?>frt>m^b r ^ £ ^^{rffiaSM^ffl 
fttt^ii^^^S. HlOEl (B) C±#jft:#^-tr/H|^±|fiSffi 

tiJ^^^Sm L7c^^®ffi-Cfc2)o ft> II 0011^ I6i, 7 El i PJ ^ ^ 
111^(7)0®^ (-M-ftbTt <b <7) £> 5 „ 

5 . m^/^a (S T 5 ) 

10 ^<D £ 5 4MS®7- * ^tH^M-rS d <t J; % B^iif'tlK^^^* 

-r 5 ^ «t # t? # 5 „ 

15 f-^I^Lt, Huta^K^ffi±(7){Sg (x, y) t tt*-|fclr 

-rss^iitttttixfii , Hfjfes^fitituxgTtttbs ^ft/tiffiB^w^ffiXw 

<S« (x, y) &<Z?lHMK*;fcte£ fltrfSSjW^IW t MAX «:RS*I$W t = 0 , 
t = 8 5Wx-y¥ffi±> flfrffi 3 JJctctX^ ir/l^'— * <75ftXffi <t ft 

20 TEU:**E8i"5¥EBaBXg£5lfT-r£o 

^■t/H^Igi Lt, Sf)fE»Tffi^^^i§: 3 3 atJ;ott=0(Dx-yl 

BcDifrfiit^ft £ft, f<i^-^iWi)^f(OA*g|i2 l^twAltWi 

25 ^fa^^S3 3 b^, CD # - y /Wiffi Sr V n X * tf> if B X CD 3p ffili 

(X D , Y □ ) ^tl^-T-So 

■fe/KWffifilHIS: (XI, Yl) it5 ( 1 #1 <£> i! 3ft O hu 
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I2lt^c0|£igtt t = 0 <DX- Y¥-Mfo<D$g&£tltztf?±/l'$:ipfob1-%> 
±6^^±J]y(DlE^7M<Dm.mX'h?)o * Ut , (XI, Yl, 8 5) 

Ii ll (A) f± t = 0 (DWrffiMTF&MffiMX^TF U7c i><DX, P 
0 (B) f±PlCWfjB**«:«l*Efil*»e)¥iiiaLfcfc»T?*)5o -<£>^ N * 

,^i^}r#^tv/c (xi, yi, ti) temw-tftm^tx^x, mn^2\m ] c 

(2) i:IB<D||J£^ffi^fcoT{i, 3 * t/uf- * s (x, 

3 &^E*'^ -tr/Wx — * £#3 "b© 1 LM, r <Z) J: o fcBLa t LX it, 5fcK 
Mid, W — S/g >-®S&5 VMi^j5gP?l P^SItt, _kfe<Dj;5(~, Ig 

-rsfcfcsc, t mjjfaiztdtfzmmmjE&mgiie &&&&&& 
1 5 ^io-ctTofcis, git ft -*§- s fi-i-si**p^ai 5ir«ts 

^cD**ffi1i (x, y, t) 7 

iflPS^S^rtT 9*£ It t «fcv % «> r © J; 5 *SSWISEKi*>oxr±, 1*3 

2k5t#^"fe/^-^ s (x, y, t) |p Lt, «-RStB*M tfcfcl, (x, 
y) ^|p]C0^1$)^ «h tJ , t tt#lRn?<E>SflMt fig«is^^^ < ft £>&v> 

3 7 -efr 5 )o 

BP*>, #iJxte\ m 3 i^TU^^ -tr/i^— * s (x, y, t) £ 2 fig^M© 
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-a-), 3&^#**^-*&J#XS©0!|;ttf*i!*^#-C, mm (x, y, 
t ) £.MJ&L1iL&{B18*&9£ s *»fefltfig$ttSJS 3 ft55# * ? s 

(x, y, t) fc, *rtf>K3t«#H t mJvfal'tt LT * >f -t7 -f /I^^^S* 
JfeL (wtL{±, •> A — -Y7 ■< /V^^lfg 3 6 T*fT 9 ) , <7)3&%* 

gfSf v (t) Katb'T ^'■'/I'^jES&ash , ( t) ti^57^/^ 

h, (t) (f) HSS3t4x.f>n5o 

0 p oo 

W ( t) = \ v (t) hi( t - r) d r (9) 



15 



20 



Wi (f) 

Hi =Wo 0^77^1 (3) 

(1-7?) Wo + 77 | Wl( f ) | 2 



= \ | Wi(f )| 2 d f (4) 



W 

" o 



Z.<D 9 A — -i-y J tt> O ^ 77 ^ 1 &ffitz-fs<7 y — * T)tiot7-f 
/U?!$feftMiki-Z> 7 A X\ 7j = 1 OH#(±-Y — X7jJl"5> VM7 4 
/l^K u = 0O^-vyf h7^/U*- i^5 0 *II<^m 

-^{-feoTii, 7? = 0. 5~0. 9gflttIRt5ri:a»if4tV^ 

[^2mii] 
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■£tc s 11 2it^tJ;9i^ w, 2 nMT&miz.&5> : 7— p&m^ 2 1 mi 

±»{4g (x, y) ir^fra t t(D^mt-r^m3^5v^^±^~-f s (x, y, 

t) %%.m-rz>o 

i:?>t\ r 3 ^^i?^'—^ 3 1 J: o titz 3 7Xtv 

3E^> :©IPWif©3^**^t;vf-^s (x, y, t) 

^" U — a ^&LSi&cD$r7c& 3 2fe5c^i? -feyU?*— * S (x, y, t) &±f$£tl 
3 £ J6 1" <*> i LTfc =fc</\ 

m 2 mMBm^&Z> 3 #C7c$iS*-fe£r, ^l 5 8l:^tf-^lS 
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1. 3&7C#*-fc/l'-5*-*£/8l© (ST 6) 

2. iRi^Mnaxs (st 7) 

s (x, y, t) I^Lt, WTO^MT^^xK^-fe/KD^-^rojflfBISrtTP 

J© 3 ftTttf'^ s (x, y, t) <DE.ttmW\ t JjHnlCft LX tty* — 

*i6?)tif: 2JSc7C 5 PB5±-C<Ott*ft»t*fflv^-C#R*+l*III] t fe{r*tlW*fT 5» 
x - y SFETCO 2 ft 5e x - * (73 ftg ffl £ !t 9 y H^CffioT 1 ftjc 

igi*L-c#ffi-r5E(i* s > (mi 3m^^mmmux 

fi, J;bli$ £ r ^ 9 i;\ ^tiEttftftofflftftd* 3 o omh z x$> V , iSft 1 

MISPbWtV^ fift SB ffi Wirt* lift M:E£L±<Z> ^MfcfT^-f 

3 . ffl^&S ( S T 8 ) 

fttc, r CO J; 9 \z. LXnbtitzJ% 3 ft JE/K ^ ir y^'- ^ s (x, y, t ) 

if \s — "> a 3 ftTC^'^-lr^x-^ S (x, y, 

t) i$ix5o -1 <d J: 9 ^^a-i^cox-^ £ tfi ;tj #L 3 f 5 r. £ \z X <0 , Wmiz. 

ft(C\ i^iffilg (ST 7) ©JjbSfcoVT, ^1 3 BK^tllltta© 
111 6 0t, rcD^^ffir H TXm^ffl^-f(-3 7i:^^Iti{bL7c3ft5n#^-fe^ 

-^-rv^j; 5 fc, tH antra:, ^*3^%-7^^u->3yn 
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10 



15 



25 



rtLTV^o JK16H-CW:, S4*&&<* »R«fasjfcgj;h,-c^6as x 
l 7 HT?f±^#feBHBft^^ frit, i»^fflMXSSrJfii-i t tc: J; or, 8H2Eflf 

Ut#4t5Eii J , 10 cm, 2 0 cm, 3 0c mHTOinl:©^ 1 



30cm, gp-o^4 m\zm^&nttmz.$3rt z>MQ&&<DMtp-?<D$L&&mz.z> 



XfElUMfiTte, Wif^Ig (ST 6) ('*3VNT, x # Ir] t y M * IrI 

lib 3 mmmm^ 



1 B 



20 3#C5E 



1 2 0 i £Xft^ i LT^xT«j&£tlT^-5 0 ^LT, M Si <fo o T , 
9* — Iff IS II 2 0 fc:|3tt5fc#f*&Sfc*<0#ffc2&S*>ao 

3 ^MESr^Sj Lfc# b, toft 2 OffiKffiS 5„ * (DfeWiljfa tt. 
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10 



15 



H 9 EH^I-J; 5 fc, SI 3 Hlfc^JBfcfllSf*— ^fttaiB 2 111, 

-v- a yfel^t 3 2 £lf;L-C^3 0 -^COfeCO^ 1 2 ^Jfcffi?j£ t Wl D# 

i^^Aibt^tfcib^v^^ Kfi9H-Cf±, tB3^JKj^lBlcii:iSBB«-*- 

?±ju<f—f &%.f&-tZ>tctbtD h<DX&> *) , gff {a S s gr^O* *iSSC^E 
±CDfcK(x, y) irH^ra t ir<75Kmi1-5J^3 7jk7n^^ir^T-*-^ s (x, y, 
t) ^^i5jc-r5o i&gfc*§£\ r Of» 3 Hkjvtff-te^'r-* s (x, y, 

-7^ ^ U — -> 3 V^a^COfTTt^ 3 &7t*'^ -fe/U-T 2 "-^ S (x, y, t) 

P^15:ltt)»i LtfcJ;t\ r tt^o^ — ^ (i 3 & 7c #1 3£ £ & 3 s 



20 



(x, y, th S (x, y, t) ttftfc, 3 ^ ir yU^— ^ tfL, 3? 

3E(-> r. co^'-^Mgfl 2 l tt, H&IE3 ^Tc^^-fe/w^-^^^^^3 1 teJ: 
>9 ^J75c$ti7t 3 i^TC^^ir/Wx — ^ s (x, y, t) * 7t H^rlS-v -f ^ ^ — v 3 
yj&M3 2fc.fc 9£rit£*lfc 3 fcjctf * A*? — * S (x, y, t) 



X , BU SS ^ 



±<Z)fiE (x, y) <SfcSa+n*IB! t «i^riRiin33rt-Sfi*Btt«) 



25 i(ft*Ktttffl^a2 7-CW6W$ttfclWIBliJf«ig±Offill (x, y) ftcomrffift^ 



2 3 ir^-f 2 9 i £iixT 
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1. 3|fcS#^t/Uf-^t^Ig (ST9) 

2 . ***&*MfitttHM (S T 1 0) 

3 ft^tf ^ir/i^— *£fifcX®fc:}3V*X&j££;}x£: 3 ^tc*> ir /w^— ^ S 

(x, y, t) d*j-LT, B(raB**l6»fittW^g:2 7*s#atK*iB±offi* 

(x, y) SJCStt^flW t tt*Itil»C*5»t<51B«<itS:8(tE> * y 2 1 a *»e>«2fc 
tt^flUL, ^rO*fe*J-fit»S^:fil:t?*>5*^:i!ife*tffiSrttWi-5o #$£1€M±<7) 
tfcS (x, y) S^S^cl&^fiSSrfflttJLfci *Oft:fcite*MK«:£a£l* 

3 . Jpffigfifilf! ( S T 1 1 ) 

lW1E*^lft»«ttffiXS^*V^Tttai*tl*:«-iCW*Bi±©<t« (x, y) 

3SI»ter±* ^-g£fCM±»f£e (x, y) fete &**fe*Hfittffixg£5pffi 

Eexa^ii^bTiitT-r^ c: £ k <£ ■? sb^^td^a^ttSo M^^te, & 

mnmm±<DitiW (x, y) fefc:}*mLfc*:fci|lft>tfte£KWi$W t MAX £i!ufE 
^t!J21 a <DRlf^^^4(-*&tt-t-5c ^T(7)^K^fifX(7)fig (x, y) iztt 

t = 0 ifdfJ SX -5 d <t J; «3 , S#k¥®ri s 3 ^ir/Ux-^ S (x, 

y , t) oft±SifcE«*tt**&*i:*;5o 

4 . ¥BS^X?1 ( S T 1 2 ) 

^tB^^atxmrie^^^ 2 3 t^xTSo 

V^X, *X?M{'*3^XHI^^^ Lfc^Sr!K 2 1 11 tc^-r„ US 2 1 LfcS? 



WO 00/13037 



33 



PCT/JP99/04670 



3 oiai'^-r^jtss^j' ±5t©itt^tiitt#* 



10 



15 



20 



25 



<i> SftiEft^iteMfiittWxetc&v^-t, MWMXrofcB (x, y) micfc 

mmm t w rsi *j t-t s s ^ *e ^mic sr t* w -r s bs , s*h$ihi t w^^h 

SrfS 2 2 mic^-To ft, S2 2Hi:$t*lWtli, 3 ft^c*!?* t^f-^ 

S (x, y, t) OSW^IIB t COfBfflSr 8 n s ~ 7 8 n s (fflKHS £ K&J* 
LTO. 4m~3. 9 m) (Z>fi(Bffi[©*S:3st#t t LTME*^Cil6*tfl[«>lftffl 



±(D{4® (x, y) felzfcMtifffl t 



<2> BUf2 3 JfeTCTK^-t/l'f*— ^^^Xg{C*3V^-C, HuiEJIjfC 3 &5t;#:^ ir/W^'- 
^s (x, y, t) |:»LT, MOt^feM-ft * 0>fc»jfog) £ 

<7)e«ji^fe© 3 * S (x, y, t) ££fifcU 

^©^H, iuE&fc«B^MoM!E¥M^X®t£:fctt5ii(jiE 3 #C7t^ 

-fe/Pv^— *S (x, y, t) CDBLjfEl^if&^jit^^^M^^k, jlSJ&te 



ift^fsMiSS^ 0 . 50C 0> 0. 33C 0 , 0. 2 3 C 0 <T) 3 a 0 daS/t 



Lfc 2 3 



2 4 



2 5 HOllit'T^i-., 



■c\ c 0 ii 



tt 4 , 9 , 1 9Tfc5 



2 3 



2 4 



2 5 ig <t t> , mq>&mm& 
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^0. 3 3C 0 (itfl'M9) (Dm(T)7 Jr — # X (12 41) #*fcftVM0 

s r. t & t* # 5 „ 



15 



20 



25 
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i# * <o m m 



5 a««#»at»-r5ffiCJKW*ig±©M (x, y) iRWfl t £M (x, 
y, t) it5 3#C75*i?^ir/l'7*— ^£^-#-3 3 JJctcsK ^ ir/w^- ^ ^^Xg 

S§ if I {it <T> m '14 t « IE A fa ti d » - -C -t o 16 *f ffi fls 3t M lit «fc "5 A § V ^ # ^ -fcr ;V 

2. buIS2 jjtfbxfsx-^ffli-sMfefiff^wlifittts tfnattfr^^-fe/HiRxs 

20 -rstt^js i mm<D 3 &55$=^a& 0 

25 4. MIE3^5c*'^*/^-^^^Xe7?^^$tlfcBUBE3^5c3if^-fe/U'7 : -'- 
^fcMLT\ itufEjKfCMXcD&g (x, y) SlcRitl^lHI t 
ISfiSco^^l-fitwftAjit&^^^ftAfii^^ ZEittmm t MAX £rt/±i-f 5 SAfifitt 
Wlgi, gf|B*^«tftWXgTtttti*nfclWeJIIK*B5±offifll (x, y) 

WfitlfeftAfiStSijfeSMHf BB t MAX &5fc*Br5£©Kltl$ra t <D x - y spffiXKIE 
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m-t z sae is l , 

ti\z.wfc-rz>R%if%ffl t MAX t T*nst5: <t j: <o „ HfrfB i ^sx±<Dm#-#? 

3 4/:li4 IfiScW 3 & 5n 8! St # » 

m^-tSi**^ i ism© 3 ik^n^feo 

7. 8QC 3 ftjc^^ ■fe/i'f- ^ 4)SIS-?, tufa 3 fc5ti$9'*JH"?—9<DE.!fi 
©juff (x, y) tS*tB*M t «:M U, y, t) fc i"3 3 Actc*** •fe/Uf*- 

Bute 2 fi{b¥i£ id «fc t> ft tu £ *i ffr tef^M * -fe /H¥ <£> t iu tefef* # t> -fe 

/HW?at «t o Til ^ £ ft/- it* IB * -fe/WnitlS-*-* jiMf^M^' * -tr/H¥ 
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Sftfg-i-MtMi-SSfrSE^Mffi±ofte (x, y) i:5ftH^t^Ig (x, 
10 y, t) iri-§ 3 &7c^-fe/wx — 3 ^ ^ 

1 1. 1 ^JcHMRH^fT 5 *-|pjSr^5E LTBftfS^^liraxmSr 2 InmXHfT-T 
StflEl ftTC^fiHWSrfi 1 5 c i-f 5 i&jfcgu o*fcfil lsB^CD 

<D&B (x, y) fcR»l$M t Srfl£«l (x, y, t) <h i~5 3 &5E# t/uf- 
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5 ff^B±<DfcB ( x , y ) t sating t &mm u, y , t) Ht4*$nfc 
itrfs 3 itKit'^-^ -t/v^f—s? {c>pf lt, ffjts^w^®±(Z){ag ( x , y ) m^R 

16. iitffEft*:if&*HiI*Affixa^*5V>-t\ SfjfEMK^EX^fSg (x, y) fefe: 
20 ^*-feo 

l 7. i!U!2ftAf6**Mffii?£t-*3^T, ffrfeg£fl*ffi±<£>#:fi (x, y) ttn. 

l 8. tfjfB*^:*feMjgttmx¥l(r*5^-c, BfjfE^K^E±w{iB (x, y ) fejc 
t/KO*^^f it^r i: ^#}ti-rS!t*rS 1 4 *7tfi 1 5fBic» 3 Jkyz.^ ? 
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